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Harvesting & Extraction, Agricultural Co-products and Fuel 
Conversion Technical Accomplishments, Progress and Results 

 
Presented by Kimberly Ogden, NAABB Engineering Director 
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Harvesting & Extraction Task Framework 
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Harvesting 

•  Current bottlenecks to cost effective production of biofuels from 
algae – traditional is centrifuge 

•  Need to concentrate from 1 g/L to 40 or 100 g/L prior to extraction 

 

Electrocoagula+on 	   	   	  Filtra+on	   	   	  Acous+c	  Focusing	  
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Harvesting Technology Comparison 
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Technologies for M1: Demonstrate 100L/hr 
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• Reactive metallic electrodes to 
produce positively charged ions 
that induce coagulation of the 
negatively charged microalgae  

• Pilot Test July 2012, Pecos Texas 
• Final Solids –  8% 
• Energy - 0.04 kW/m3 

• Loading 270 m3/kg hr 

Electrolytic Separation 
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Comparison to base case of Centrifugation 

Basis - Biomass Productivity of 316,831 Tons/Year 
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•  Developed thin porous Ni alloy metal sheet membranes  
•  Field tests using mobile unit performed at Pecos, TX 

Filtration 

Clear	  
permeate	  

Algae	  
culture	  flow	  

Online	  
observa+on	  of	  
the	  membrane	  

surface	  	  

Filtra+on	  	  was	  conducted	  at	  
rela+vely	  low	  liquid	  flow	  velocity	  
with	  liquid/bubble	  slug	  flow	  	  

Membrane	  module	  
assembled	  from	  18	  
of	  12	  cm	  x	  12cm	  
membrane	  sheets	  
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NAABB INTERNAL USE ONLY 

•  Sound waves aggregate algae 
•  Advantages: 

•  No moving parts; No chemical additives 
•  Harvested cells are still viable 
•  Rapid effect—within 1 minute 
•  100X concentration effect in a single pass 
•  Low energy input: 0.01-0.04 kWhr/m3 
•  Low cost: 1-4 cents per gal lipid 

•  Pilot Test September 2012: 
•  N. oculata from Solix Biosystems 

•  Scaled-up Harvester: 
•  45-225L/hr using 9 modules 
•  Scaled harvester module delivered energy 

to the liquid layer 100-fold more effectively 
than laboratory-scale unit 

 

Ultrasonic Harvesting 

Concentration 
lines of N. salina 
in a laboratory 
scale harvester.  

Scaled up harvester 

Large scale concentration 
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Wet Hexane Extraction 

Condi&oning	   Extrac&on	  

Slurry	  

Wet	  algae	  

	  Oil	  frac+on	  	  

Hexane	  

Dry	  LEA	  

AlgaFrac™	  extrac&on	  system	  

Phase	  separa&on	  

Dryer	  

Dis&lla&on	  

Centrifuge	  
Centrate	  

Dry	  LEA	  with	  dissolved	  sugars	  etc.	  

Process Schematic (Gen 1) 

Hexane	  
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Mass Balance for Nannochloropsis Extraction 

Oil yield, wt% AFDW 

Nannochloropsis 1 32.4 

Nannochloropsis 2 34.5 

Nannochloropsis 3 30.9 

Average 32.6 

Std deviation 1.8 

Nannochloropsis 1 
Date of extraction: 7/23/2012 Extraction 

Algae slurry Oil 
2,015 g 

Paste 140.0 lb Pretreatment 32.4% 
AFDW content 9.8 % 
Dry wt 6,223 g 

In 6.2 kg LEA - Wet 142.5 lb 
Out 6.4 kg Dry solids content 6.9% % 
Mass balance closure 103.5 % LEA - Dry 4.4 kg 
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Harvesting/Extraction Milestones and Deliverables 

 
 

Milestones (M), Decision Points (GN) and Deliverables (DL) 
Time (mo) 

Status 
C.DL.1: New harvesting/extraction technologies demonstrated at bench scale and scale-
up defined. (design specs, drawings performance reports) 

15 
Complete 

C.DL.2: Economic analysis establishing most efficient technologies at liter scale 
complete. (report) 

18 
Complete 

C.GN.1: (Go/No Go) Most viable technology(s) selected for large-scale field tests based 
on performance and scale-up viability criteria (report) 

18 
Complete 

C.ML.1: Systems capable of 100-1000L/hr feedstock processing demonstrated. (report) 
36 

Complete 
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Impact 

•  Harvesting and Extraction can make up to 50% of crude oil cost 

•  Started with 9 technologies; after 18 months down selected to 
Harvesting technologies and 1 extraction technology 

•  Conducted field tests with target of 100 L/h processing with new low 
energy technologies (Electrocoagulation, Membrane Filtration, Acoustic 
Focusing) 

Harvesting & Extraction Synopsis 
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Agricultural Co-products Task Framework 
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Feeding Results 

Type of Animal 
Tested 

Performance Digestibility Value 

Ruminants 
  Lambs, Cattle* 
 
*Biomass provided by 

DARPA (GA) 

Palatable 
Growth, histology 
and blood 
metabolites similar 
to soybean -lambs 

Supplementation 
of LEA does not 
impair fiber 
digestion  
Similar to 
cottonseed and 
soybean meal 

Value of 
LEA in 
relation to 
soybean 
meal is      
~ $160 US  

Nonruminants 
  Pigs 

Reduction in growth 
Blood not affected 

Aquaculture 
  Red drum,  
  Shrimp 

LEA is a suitable 
replacement for 
traditional protein 
feeds for fish and 
shrimp production 

Excellent 
but 
minerals of 
concern 
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Chemical/Nutritional Characterization of LEA 
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 Ag Co-products Milestones and Deliverables 

Milestones (M), Decision Points (GN) and Deliverables (DL) 
Time (mo) 

Status 

E.1.ML.1: Feed Value for LEA Determined 24 
Complete 

E.2.DL.1: Preliminary cost analysis, bench scale rate data, and yield information obtained 
for production chemicals  

24 
Complete 

E.1.DL.1: Best performing feed formulations determined(report) 36 
Complete 
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Impact 

•  LEA varied in quality in terms of ash, protein and residual lipids based 
on strain, cultivation site and processing methods 

•  Generally LEA work well as feed supplement by inclusion studies for 
all animals tested (cattle, sheep) and (shrimp, fish) but not swine 

•  LEA also worked as a fertilizer/soil amendment although values for 
this application were extremely low ($30/ton) 

•  Values for the LEA as a feed supplement for animals ($160/ton) and 
mariculture ($200/ton) generally do not provide a high enough value to 
offset algal oil production costs 

 

Agricultural Co-products Synopsis 
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Fuel Conversion Task Framework 
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Fuel Conversion Task Framework 
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Conversion Lipid Extracts to Fuels 
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Chemical/Physical Characterization of Lipids 
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•  FT-ICR Mass Spectrometry Analysis 

•  1000 to 1500 peaks per ionization mode (positive ion or 
negative ion) 

•  Detect phospho-lipids, acyl attached fatty acids, 
monoacyl fatty acids 
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Fuel Conversion Task Framework 
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Conversion of Lipid Extract to Biodiesel 
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Conversion of Lipid Extract to Hydrocarbon Fuels 
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Conversion of Lipid Extract to Hydrocarbon Fuels 

Pretreatment	  
Technologies	  to	  
“Clean	  Up”	  	  Algal	  
Lipid	  Extract	  

	  
3	  Inven+on	  
Disclosures	  
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Chemical/Physical Characterization of Jet Fuel 
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Chemical/Physical Characterization of Algal Diesel 
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Fuel Conversion Task Framework 



Slide 30 

Hydrothermal Conversion of LEA and Whole Algae 

Wet	  
algae	  

Nutrient	  recycle	  (H2O	  cleanup)	  

Diesel	  
Gasoline	  

Fuel	  gas	  

H2O	  (recycle)	  
Catalyst	  

Catalyst	  

	  	   1	  	   2	   4	  	  

6	  	  

CO2	   5	  	  

H2O	  

oil	  

1.  algae	  de-‐watered	  from	  0.6	  g/l	  to	  100	  g/L	  
2.  hydrothermal	  liquefac+on	  
3.  solid	  precipitate	  separa+on	  for	  clean	  bio-‐oil	  produc+on	  and	  phosphate	  capture	  
4.  oil/water	  phase	  separate	  
5.  oil	  hydrotreater	  to	  produce	  hydrocarbons—diesel/gasoline)	  
6.  aqueous	  phase	  carbon	  is	  cataly+cally	  converted	  to	  fuel	  gas	  and	  nutrients	  recycled	  (N,	  K,	  CO2)	  	  

3	  

algae	  growth	  

Nutrient	  recycle	  (P,	  etc.)	  
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Hydrothermal Conversion of Whole Algae 
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•  Low-temperature, 
single-step synthetic 
natural gas from 
algae and LEA 

•  Metal catalyst 

•  High-pressure steam 
reforming & 
methanation 

CxHyOz + nH2O → aCH4 
+ bCO2 

Equilibrium Control of Gasification 

Catalytic Gasification 

Cataly+c	  
Reactor,	  
350°C	  
200	  atm	  	  

Heat	  
Recovery	   

Gas/Liquid	  
Separa+on	   

Gas	  	  
Product	  
	  

Chemical	  use	  

Process	  
Heat	  

Electricity	  

Wet	  
Biomass	  	  

Pressure	  
Letdown	  	  

Electricity?	   Clean	  Water	  

htr	  
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Combined HTL & CHG Conversion of Whole Algae  
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Combined HTL & CHG Conversion of Whole Algae  
 

HTL	  

HYDRO
TREAT

	  

FRACTIO
N
ATE

	  

CHG	  

HTL	  Bio-‐oil	  

HTL	  Effluent	  Water	  

Hydrotreated	  
Oil	  

Jet	   Diesel	   Heavy	  

Frac&onated	  Oil	  

CHG	  Effluent	  Water	  

Whole	  Algae	  
Feedstock	  
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Chemical/Physical Characterization of Jet Fuel from HTL 
Conversion 
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Summary of NAABB Lipid and Biomass Conversion 
Processes 
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Fuel Conversion Milestones and Deliverables 

 
 

Milestones (M), Decision Points (DP) and Deliverables (DL) 
Time (mo) 

Status 
D.DL.3: Preliminary cost analysis, bench scale rate data, and yield information obtained 
(report) 

24 
Complete 

D.ML.1: Select optimal conversion process for large-scale production and wide-scale use 
based on performance and scale-up requirements criteria (design specs, report) 

24  
Complete 

D.DL.1: Pollutant and greenhouse gas emissions from the combustion of algae-derived 
biofuels characterized. (report) 

30 
Complete 

D.DL.2: ASPEN process model of conversion technologies demonstrated. (report) 30 
Complete 
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Impact 

•  Processed algal biomass, lipid extracts and LEA from >5 species 
using multiple technologies to finished fuel products (one-of a kind data 
set of data) 

•  Crude lipid extracts to finished fuels (Biodiesel and HC Fuels) 1) low 
carbon yield to fuels due to clean-up losses;  2) Fuel products could 
meet fuel specs (issues with impurities) 

•  Demonstrated conversion of LEA (CH4, ethanol, organic acids) 

•  Liquefaction combines extraction with conversion and has the 
potential to significantly improve yields (2X) over the wet extraction 
baseline 

 

Fuel Conversion Synopsis 
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•  All Deliverables and Milestones Accomplished 

•  New Harvesting and Extraction Technologies Tested in Field 

•  Cost Analyses (CAPEX and OPEX) for all downstream processes 

•  Process Models (ASPEN) for all Conversion Processes as well as 
Growth Model 

•  Technology transfer activities in progress 
•  Electrolytic Harvesting 
•  Acoustic Focusing 
•  Membrane Filtration 
•  HTL/CHG 

•  Integrated Systems – Critical Success Factors 

Downstream Process Outcomes 
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Cultivation/Harvesting/Water & Nutrient Recycling 

NAABB	  
Strain	  	  
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Extraction/Lipid Clean-up and Conversion 
NAABB	  Strain	  or	  
Produc+on	  Strain	  	  
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Direction Conversion to Fuels & Co-products 
NAABB	  Strain	  or	  
Produc+on	  Strain	  	  
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Questions? 
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Back up Slides 
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Conversion of Whole Algal Biomass to Fuel via Direct 
Pyrolysis 
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Conversion of LEA to Fuels via Biological and Chemical 
Processes 
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Conversion of LEA to Liquid Fuel via Biological Processes  

1%	  Acid	  
most	  

effec+ve	  
but	  high	  
CAPEX	  


